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(57) Abstract 

A ceramic case assembly, and method of making a ceramic case assembly for a micro-stimulator includes the use of a cylindrical 
or tubular ceramic case (22). A metal band (28) is hermetically bonded to one end (24) of the ceramic case by brazing forming a ceramic 
case housing assembly for a micro-stimulator. In another embodiment, the metal band is jointed to the ceramic case with a step joint or 
angle joint for self-jigging. In another embodiment, a metal band is attached to each end of the ceramic case. 
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CERAMIC CASE ASSEMBLY FOR A MICROSTIMULATOR 



This application claims the benefit of U. S. Provisional Application No. 
5 60/125,872, filed March 24, 1999 and U. S. Provisional Application No. 60/126,531, 
filed March 26, 1999. 

FIELD OF THE INVENTION 

The present invention relates to a structure and method of manufacture of a 
1 0 ceramic case assembly for a microstimulator or microsensor for implantation in a 

living body, and more particularly to a ceramic case that is of a size and shape capable 
of implantation by expulsion through the lumen of a hypodermic needle. 

BACKGROUND OF THE INVENTION 

15 Simulators that are implanted in living bodies and powered from external 

sources must be housed in packages constructed of biocompatible materials. These 
packages must protect the electronic circuitry located within them from body fluids 
and ions so that the electronic circuitry can survive for extended periods of time 
without any significant changes in performance. 

20 Today, the most commonly used metals for implantable packages are titanium, 

stainless steel and cobalt-chromium alloys. These metals are biocompatible and 
corrosion resistant. Normally, the package construction consists of parts that are 
welded together to insure hermeticity. However, where there is a need to inductively 
couple an alternating electromagnetic field to an internal pickup coil, the metal 

25 package becomes a hindrance. Specifically, transmission of power is substantially 
reduced by eddy currents generated in the metal package due to the alternating 
electromagnetic field. To solve that problem, receiving coils are often placed outside 
the metal package, increasing the size and complexity of the implanted device. 

Electrical stimulation devices contain electrical components inside the package 

30 that are connected to stimulation leads by hermetic feedthrough, which permit the 
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flow of electrical currents through the package wall while maintaining hermeticity. 
Disadvantageous^, each feedthrough is a possible leak path that can ruin the 
hermeticity of the package. 

Glasses and ceramics represent viable materials for an implantable medical 

5 device package because they are transparent to alternating electromagnetic fields. 
Receiving coils can be placed inside a hermetic zone of a ceramic or glass package, 
creating an overall smaller and simpler implant device and reducing the possibility of 
coil failure due to saline leakage. Glasses and ceramics are inert and highly insoluble, 
which are favorable characteristics for long term implant materials. 

10 Unfortunately, all known high sealing temperatures characterize biocompatible 

glasses and ceramics, which high temperatures may damage electronic components 
commonly included in electronic devices implanted in living bodies. Low-melting 
temperature glasses my not be used because they all have the property of being 
corroded by body fluids. Therefore, packages composed entirely of ceramic and/or 

15 glass have generally not been considered practical for implant applications. Also, 
because glasses and ceramics are inelastic, they are subject to fracture not only from 
mechanical shock but also from differential thermal expansion if even a moderate 
temperature gradient exists thereacross. Therefore, welding is not a practical method 
of sealing glass or ceramic materials. Instead, if a glass package is used, virtually the 

20 entire package and its contents must be raised to the high melting temperature of the 
glass, ceramic or metal braze that is used to effect a sealing of the glass or ceramic 
package. Such sealing methods are unsatisfactory. 

One type of hermetically sealed ceramic and metal package is shown in U.S. 
Patent No. 4,991,582, issued to Byers, et al. and is incorporated herein by reference. 

25 A ceramic case and a metal band are hermetically sealed together, each being 
characterized by similar coefficients of linear thermal expansion. The electronic 
circuitry is then loaded inside the package, and soldering a metal header plate to the 
metal band effects final package closure. 

A brazeless ceramic-to-metal bond for use in implantable devices is shown in 

30 U.S. Patent No. 5,5 1 3,793 issued to Malmgren and incorporated herein by reference. 
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The '793 patent describes a method and apparatus for forming a hermetically sealed 
bond between a ceramic case and a metal band, The ceramic case and the metal band 
are hermetically sealed together at elevated temperature and pressured. The ceramic 
and metal thus bonded are characterized by similar coefficients of linear thermal 
5 expansion. 

The structure and method of manufacture of an implantable microstimulator are 
shown in U.S. Patent Numbers 5,193,539 and 5,193,540, both issued to Schulman et 
al. Both of these are incorporated herein by reference. These patents describe an 
implantable microstimulator which is substantially encapsulated within a hermetically 
10 sealed housing inert to body fluids. The housing is made of glass capillary tubing 

with electrodes exposed at each end, the electrodes being sealed to the glass tube with 
glass beads. 

Unfortunately, the microstimulator shown in the '539 and '540 patents is 
difficult to manufacture; the external electrodes are fragile and require many welds to 

15 hermetically seal the package. These welds are done one at a time and are very time 
consuming. The joint between the glass case, glass beads and metal electrodes is also 
susceptible to leaking. Since the microstimulator case is made from glass, it is fragile 
and susceptible to cracking. Disadvantageous^, glass is also transparent to light. 
Some components inside a glass package may be light sensitive and, if so, a light 

20 barrier must be provided, such as a film or mask covering the components to prevent 
undesired light from reaching the components. 

Malmgren, Santogrossi, and Schulman show a method and apparatus of a strong 
metal-to-ceramic bond (U.S. Patent Application, serial no. 09/327,830, filing date: 
03/24/1999). 

25 In view of the above, it is evident that what is needed is a microstimulator 

package that is constructed from a material that is transparent to an alternating 
magnetic field. It must at the same time protect the electronic circuitry hermetically 
sealed therein. It must minimize the number of joints to be sealed, it must is not be 
prone to cracking or leaking, and it must be cost effective to manufacture. 

30 
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SUMMARY OF THE INVENTION 

The present invention advantageously addresses the needs above as well as other 
needs by providing an apparatus and method for manufacturing a ceramic case 
assembly for a microstimulator. 

5 The ceramic case assembly of the present invention is inert to body fluids. The 

majority of the case is made of biocompatible ceramic material that is cylindrical in 
shape with open ends, i.e., tube-shaped. A closed metal band or ring is attached to 
one or both ends of ceramic case. The metal band is made from a biocompatible 
material that has the same coefficient of thermal expansion (CTE) as the ceramic 

10 material. The attachment of the metal band to the ceramic case can either be a butt 
joint or one of the components may have a fixturing ring, step or angle for self-jigging 
(with the other surface with the appropriate mate-able surface). The attachment also 
provided a hermetic seal. The preferred method of attachment is brazing the metal 
band to the ceramic case using a metal or metal alloy braze. Such brazing, while 

1 5 performed at a high temperature, is done without any electronic circuitry being 
present. It results in a hermetic seal. Once the brazing is done, the ceramic case 
assembly is ready for assembly with other components (i.e., electronic circuitry, ends 
caps) to make a hermetically sealed microstimulator. Welding the metal end cap to 
the metal ring completes the hermetic seal. Normally the weld is made about 0.100 

20 inches away from the braze, with a heat sink, or heat sinks, in use so as to keep the 
braze from melting. Once thus assembled, the microstimulator with ceramic case is 
ready to be implanted in living body. 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 The above and other aspects, features and advantages of the present invention 

will be more apparent from the following more particular description thereof, 

presented in conjunction with the following drawings wherein: 

Figure 1 is a cross-sectional exploded view of a ceramic case housing assembly 

including a ceramic case and a metal band; 
30 Figure 2a is a cross-sectional view of the ceramic case housing assembly 
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showing the ceramic case and the metal band assembled together with the 
subsequently inserted electronic circuit assembly; 

Figure 2b is a cross-sectional view of the ceramic case housing assembly 
showing the ceramic case and the metal band assembled together with the 
5 subsequently inserted electronic circuit assembly together with the assembly second 
metal cap and showing the use of heat sinks; 

Figure 3a is a partial cross-sectional view of another embodiment of Figure 2 
showing an optional technique for attaching the metal band to the ceramic case using 
a step joint for self jigging; 
10 Figure 3b is a partial cross-sectional view of another embodiment of Figure 2 

showing a different optional technique for attaching the metal band to the ceramic 
case using two mate-able surfaces each at an appropriate to form a self jigging joint; 

Figure 4 is a cross-sectional view of another embodiment of Figure 2 showing a 
metal band attached at each end of the ceramic case. 
15 Figure 5 is a cross-sectional exploded view of a ceramic case housing assembly 

including a ceramic case and a metal band, two metal end caps, and two high 
temperature braze preforms in the shape of rings. 

Below is a list of reference numbers associated with the figures. 





No, 


Component 


20 


10 


Housing Assembly 




12 


Ceramic Case 




14 


Metal Band 




18 


Bonding Site 




22 


Wall of the Ceramic Case 


25 


24 


Flat Annular Surface (Ceramic Case) 




26 


Flat Annular Surface (Ceramic Case) 




28 


Wall of Metal Ring 




101 


Electronic Circuit Assembly 




102 


High Temperature Braze 


30 


103 


Metal Cap 
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201 High Temperature Braze Preform 

202 High Temperature Braze Preform . 

5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The following description of the presently contemplated best mode of practicing 
the invention is not to be taken in a limiting sense, but is made merely for the purpose 
of describing the general principles of the invention. The scope of the invention 
should be determined with reference to the claims. 

10 Figures 1 and 2 show the construction of the ceramic case housing assembly 10. 

Referring first to Figure 1, a cross-sectional exploded view is shown of the 
components used in the housing assembly 10. These components included a ceramic 
case 12 and a metal band 14. Figure 2 is a cross-sectional view showing the 
assembled housing assembly 10. In Figure 2, the ceramic case 12 and the metal band 

15 14 are joined together with a hermetically sealed bond, such as a metal or metal alloy 
braze (e.g., nickel and titanium braze, 30/70), shown as bonding site 18. Since braze 
bonding is done at temperatures (over 1000 °C) and pressures (over 100 PSI) that can 
damage electronic circuitry, this circuitry is only inserted into the housing assembly 
10 only after the attachment of the metal band 14 to the ceramic case 12 is completed. 

20 The ceramic case 12 and the metal band 14 have similar diameters with a butt 

attachment. Figure 3a show another attachment method of the band 14 to the case 12 
that could be used, such as a step for self-jigging. Figure 3b show another attachment 
method of the band 14 to the case 12 that could be used, such as a bezel for self- 
jigging. The approaches of both Fig. 3a and Fig. 3b make it possible to increase the 

25 braze distance to insure hermeticity while decreasing the wall thickness of the metal 
or ceramic part. 

The ceramic case 12 is preferably made from biocompatible ceramic material, 
e.g., aluminum oxide or zirconium oxide. The case 12 is cylindrical in shape (i.e. a 
hollow tube) with openings at both ends. The diameter of the ceramic case 12 is 
30 typically about 2mm and the length is approximately 10 mm. The side wall 22 of the 
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ceramic case 12 terminates around the open ends forming flat annular surfaces 24 & 
26 at each end. Since the ceramic is not transparent, it tends to protect internal 
components that are sensitive to light. 

The metal band 14 is preferable made from a biocompatible metal and is 
5 cylindrical in shape with openings at both ends (i.e. a ring). The diameter of the metal 
band 14 is 2 mm in diameter and is at lease 1 mm in length, and preferable 
approximately 2.5 mm in length. The side wall 28 of the metal band 14 terminates at 
each of the open ends, forming flat annular surfaces 30 and 23, to which the flat 
annular surface 24 of the ceramic case 12 is ultimately bonded at bonding site 1 8 (as 
10 shown in Figure 2). The band 14 is made from biocompatible metal, e.g. titanium, 
stainless steel, tantalum, niobium and niobium-titanium alloys such as 45% niobium- 
55% titanium and cobalt-chromium alloys. A preferred embodiment uses, to make 
band 14,'any metal or alloy that readily forms an instant oxide when heated, i.e., that 
readily oxidized when heated in an oxygen-containing atmosphere. Note that the 
1 5 ceramic, the metal and the braze are chosen, in a preferred embodiment, to have 
similar coefficients of thermal expansion (CTE) of between 8 and 9 mmV°C. This 
minimizes the risk of cracking when the ceramic case 12, metal band 14 and braze are 
bonded together at high temperatures and then cooled. 

Figure 2a shows the assembled ceramic case housing assembly 10. Many well- 
20 known processes may be used to hermetically bond the metal band 1 4 to the end of the 
ceramic case 12 utilizing biocompatible sealing materials. Some of these methods are 
described in U.S. Patent No. 4,991,582 and 5,513,793, previously incorporated herein 
by reference. 

In a preferred method of manufacturing the housing assembly 10, the brazing of 
25 the metal band 1 4 to the aluminum oxide ceramic case 1 2 is done with a nickel- 
titanium (NiTi) braze with 30%Ni-7O%Ti. A best mode metal band, or ferrule, is one 
made of niobium. The brazing of a zirconium oxide ceramic case, including 3% 
yttrium as a best mode formulation, utilizes a braze of 50% Ni and 50% Ti, with the 
metal band, or ferrule, in a best mode, made from a 45% niobium-55% titanium alloy. 
30 The brazing operation may be done in a production line operation to 
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manufacture more than one housing assembly 10 at a time. Since brazing 102, Figure 
2a) temperatures may reach over 1000°C, any electronic circuitry assembly (see 101 
in Figure 2a, 2b) for a microstimulator is inserted into the housing assembly 10 only 
after the bonding at such high temperature is completed. Figure 2b shows the use of 
heat sinks when attaching the second cap 103. The first cap, 104, is first attached to 
the case with a high temperature braze 102, before the insertion of the electronic 

circuit assembly 101. 

Referring next to Figure 4, there is shown another embodiment of the present 
invention wherein a metal band 14 is attached at each end of the ceramic case. The 
metal bands are brazed to the ceramic case at bonding site 18. The attachment may 
either be a butt or step joint as previously described. 

Figure 5 shows the use of braze preforms in the shape of rings (210, 202) sized 
to fit. These preforms may be of the braze 30% Ni -70% Ti, or other suitable brazes 
(in terms of coefficient of expansion and ability to form a hermetic seal). In Figure 5, 
15 104 is a metal cap, 12 is a ceramic cylinder, and 14 is a metal cylinder. 

While the invention herein disclosed has been described by means of specific 
embodiments and applications thereof, numerous modifications and variations could 
be made thereto by those skilled in the art without departing from the scope of the 
invention set forth in the claims. 
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CLAIMS 

What is claimed is: 

1 . A ceramic case assembly for a microstimulator comprising: 
5 a cylindrical ceramic case having at least one open end for receiving a 

temperature sensitive device such as an electronic circuit assembly of a 
microstimulator; and 

a closed annular metal band hermetically bonded to the other end of the ceramic 
case, the band being formed from a metal having a coefficient of thermal expansion 
1 0 substantially the same as that of the ceramic case. 

2. The ceramic case assembly of claim 1 wherein the annular metal 
band is hermetically bonded to one open end of the ceramic case by a metal or metal 
alloy braze. 

15 

3. The ceramic case assembly of claim 1 wherein the metal or metal 
alloy braze is such that it has a coefficient of thermal expansion substantially the same 
as that of the ceramic case and the closed annular metal band. 

20 4. The ceramic case assembly of claim 2 wherein the metal braze is 

30% nickel and 70% titanium for a ceramic case of aluminum oxide. 

5. The ceramic case assembly of claim 4 wherein the closed metal band 
is niobium. 

25 

6. The ceramic case assembly of claim 2 wherein the metal braze is 
50% nickel and 50% titanium for a ceramic case of zirconium oxide. 

7. The ceramic case assembly of claim 6 wherein the closed metal band 
30 is an alloy of 45% niobium-55% titanium. 
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8. The ceramic case assembly of claim 2 wherein the metal braze is 

50% nickel and 50% titanium for a ceramic case of zirconium oxide and 3% yttrium. 

5 9. The ceramic case assembly of claim 8 wherein the closed metal band 

is an alloy of 45% niobium-55% titanium. 

10. The ceramic case assembly of claim 1 wherein the open end of the 
ceramic case and the metal band butt against each other during bonding forming a butt 

10 joint 

1 1 . The ceramic case assembly of claim 1 wherein the open end of the 
ceramic case and the metal band are shaped according to a form chosen from the 
group consisting of stepped, or angled, with the appropriate opposing mate-able 

15 surface to define a self-jigging junction between the ceramic case and the metal band 
during bonding forming a step joint or angle joint. 

12. The ceramic case assembly of claim 1 wherein the ceramic is an inert 
ceramic selected from the group consisting of aluminum oxide, zirconium oxide and 

20 zirconium oxide with 3% yttrium and wherein the metal comprising the metal band is 
selected from the group consisting of titanium, stainless steel, tantalum, niobium, 
niobium-titanium alloys, and cobalt-chromium alloys. 

13. The ceramic case assembly of Claim 12 wherein the niobium- 
25 titanium metal alloy is 45% niobium-55% titanium. 

14. A ceramic case assembly for a microstimulator comprising: 
a cylindrical ceramic case having open ends for receiving an electronic circuit 
assembly of a microstimulator; and 

30 a pair, of closed annular metals bands hermetically bonded to each open end of 
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the ceramic case, the bands being formed from a metal having a coefficient of thermal 
expansion substantially the same as that of the ceramic case. 

15. The ceramic case assembly of claim 14 wherein the annular metal 
5 bands are hermetically bonded to both open ends of the ceramic case by a metal or 

metal alloy braze. 

16. The ceramic case assembly of claim 15 wherein the metal or metal 
alloy braze is such that it has a coefficient of thermal expansion substantially the same 

10 as that of the ceramic case and the closed annular metal bands. 

17. The ceramic case assembly of claim 1 5 wherein the metal alloy braze 
is 30% nickel and 70% titanium for a ceramic case of aluminum oxide. 

15 18. The ceramic case assembly of claim 1 7 wherein the metal bands are 

niobium. 

19. The ceramic case assembly of claim 15 wherein the metal braze is 
50% nickel and 50% titanium for a ceramic case of zirconium oxide. 

20 

20. The ceramic case assembly of claim 19 wherein the metal bands are 
an alloy of 45% niobium-55% titanium. 

21 . The ceramic case assembly of claim 15 wherein the metal braze is 
25 50% nickel and 50% titanium for a ceramic case of zirconium oxide and 3% yttrium. 

22. The ceramic case assembly of claim 21 wherein the metal bands are 
an alloy of 45% niobium-55% titanium. 

30 
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23. The ceramic case assembly of claim 1 5 wherein the open ends of the 

ceramic case and the metal bands butt against each other during bonding forming a 
butt joint. 

5 24. The ceramic case assembly of claim 1 5 wherein the open ends of the 

ceramic case and the metal bands are shaped according to a form chosen from the 
group consisting of stepped, or angled, with the appropriate opposing mate-able 
surface to define a self-jigging junction between the ceramic case and the metal band 
during bonding forming a step joint or angle joint. 

10 

25. The ceramic case assembly of claim 1 5 wherein the ceramic is an 
inert ceramic selected from the group consisting of aluminum oxide, zirconium oxide 
and zirconium oxide with 3% yttrium and wherein the metal comprising the metal 
band is selected from the group consisting of titanium, stainless steel, tantalum, 

15 niobium, niobium-titanium alloys, and cobalt-chromium alloys. 

26. The ceramic case assembly of Claim 25 wherein the niobium- 
titanium metal alloy is 45% niobium-55% titanium. 

20 27. A method of forming a ceramic case assembly for a microstimulator 

comprising the steps of: 

positioning a cylindrical ceramic case against one or more metal bands, the 
ceramic case consisting of a first material and the metal bands consisting of a second 
material; 

25 sealing the ceramic case and each of the metal band(s) to the ceramic case, 

hermetically; and 

maintaining a tube-like structure for the assembly. 



30 
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28. The method for the ceramic case assembly of claim 27 further 
comprising the steps of 

selecting the first material as an inert ceramic selected from the group 
consisting of aluminum oxide, zirconium oxide and zirconium oxide with 3% 

5 yttrium; and 

selecting the second material as a metal material selected from the group 
consisting of titanium, stainless steel, tantalum, niobium, niobium-titanium 
alloys, and cobalt-chromium alloys. 

10 29. The method for the ceramic case assembly of claim 27 further 

comprising the step of selecting the second material (of the metal bands) made from 
the materials having a coefficient of thermal expansion substantially the same as that 
of the first material (of the ceramic case). 

15 30. The method for the ceramic case assembly of claim 27 further 

comprising the step of hermetically sealing the joint of said ceramic case and said 
metal band using a metal or metal alloy braze. 

3 1 . The method for the ceramic case assembly of claim 30 further 
20 comprising the step of selecting the metal or metal alloy braze such that it has a 

coefficient of thermal expansion substantially the same as that of the ceramic case and 
the closed annular metal band. 

25 32. The method for the ceramic case assembly of claim 3 1 further 

comprising the step of utilizing a metal alloy braze wherein said braze is 30% nickel 
and 70% titanium for a ceramic case of aluminum oxide; and wherein said braze is 
50% nickel and 50% titanium for a ceramic case of zirconium oxide and for a case of 
zirconium oxide with 3% yttrium. 

30 
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33. The method for the ceramic case assembly of claim 32 wherein the metal 
band material is niobium when the ceramic is aluminum oxide and is an alloy of 45% 
niobium-55% titanium. 
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